Cane and bamboo have been found to be viable and alternative basic construction materials for orthotidprosthetic appliances and rehabilitation aids. Amongst the appliances made, the night splint and the upper limb splints have proved effective in field trials. The lower limb orthoses and prostheses however are still at an experimental stage. Of the rehabilitation aids, walkers, crutches and wheelchairs have been found to be remarkably useful, cheap and light.
Introduction
Force of circumstances of working on an extremely low budget compelled the authors to experiment with various low cost alternative materials. Cane (Calamus Rotang) and bamboo (Bambusa Arundinacea) were found to be viable alternatives to conventional raw materials used for orthotidprosthetic appliances. The reasons for this were mainly:
1. Stkngth 2. Elasticity 3. Pliability 4. Malleability 5. Lightness There is no available literature on the use of cane and bamboo as basic materials for orthotid prosthetic appliances. Reference to the use of bamboo for rehabilitation aids such as walkers and crutches has been made by Periquet and Publico (1982) and Singh and Singh (1982) . strength but loses much of its pliability. Partially dried bamboo, approximately one and a half months after cutting, has the right mixture of strength and pliability which is ideally suited for making orthotic and prosthetic appliances.
The greater the diameter of the bamboo the greater is the width of the flat portion available for use asconstruction material ( Fig. 1) . A lOcm diameter of bamboo usually gives adequate width. The length of the bamboo between one knot and the next determines the length which can be made thin enough and given a cosmetic finish. However, the presence of a knot does not act as an impediment to the length that can be used.
Bending bamboolcane
Bamboo is bent by heating. One end of the piece can be held in an ordinary vice (Fig 2, top) or with a piece of wet cloth. The flame of the blowtorch is directed at the point where the bamboo is to be bent (Fig. 2 , centre). The exact
Materials and methods

Selection of bamboo
Bamboo when green is very pliable but lacks dry it increases in 
Prostheses
time at which the bamboo should be bent is when one feels the bamboo suddenly becoming pliable and when it is visibly red hot. After bending, the bamboo is dipped in water and this process of heating, bending and cooling is repeated until the desired bend is created. Subsequent to cooling the bamboo retains the shape to which it has been bent (Fig. 2, bottom) . The strength of the bamboo is not altered at the point of bending.
Bamboo m material
White ants often attack bamboo appliances. It is common to see a bamboo appliance coming back after a few months with multiple small holes due to borers (Dermestes) and white ants ( Fig. 3) . Use of a well dried and matured bamboo soaked in an oily base-particularly mustard oil-prevents this. The advantages of bamboo as an orthotic material are:
1. Very cheap 2. Ecologically later can be used as fuel.
Below-knee prosthesis Above-knee prosthesis Rehabilitation aids
Crutches Wheelchair
Night splint Construction
A portion of bamboo between two knots is selected. A flat piece is removed (as previously indicated) approximately 5 cm wide, the length depending on size. The centre is marked and cut as shown. The bamboo is bent at right angles and the bend reinforced by 3 mm thick, 5 cm long mild steel strips. Foam, 1.25 cm thick, is stuck with Fevicol. Straps of leather or Velcro are fixed at strategic points to hold the foot (Fig. 4,  top) .
Biomechanical function
Prevents plantarflexion at ankle joint. Modijications 1. When used singly to prevent rotation, a small derotation bar can be fixed with staples at the base of the vertical area.
2. When used in pairs (Fig. 4, bottom) , rotation can be prevented by putting buckles on one and straps on the other. The buckles when fixed to the straps prevent the night splints from rotating outwards. 
Cock-up splint Construction
A portion of bamboo between two knots is taken, a flat piece 5 cm wide is removed and bent at wrist level to 60". The distal end extends to slightly beyond the metacarpophalangeal joint. A small aluminium outrigger for the thumb may be attached with staples. Padding is provided by foam 1.25 cm thick. Leather or Velcro straps are attached (Fig. 5) .
Biomechanical function metacarpophalangeal joint.
Prevents palmar flexion at wrist and
Modifications
Can be converted to a dynamic splint by adding bent bamboo at wrist level, fixing wire loop and attaching rubber bands to leather loops around proximal phalanx of fingers. 
A dvantages
Disadvantages
As above.
Number fitted 20
Intrinsic plus splint Construction
A flat portion of bamboo is bent at level of wrist to 60" and at level of metacarpophalangeal joint to 90". Extends to distal interphalangeal joint. Padded with foam. Straps placed strategically (Fig 7) .
Biomechanical function
Maintains wrist in functional position, metacarpophalangeal joint at 90" and interphalangeal joints extended. iii. Cost Rs. 20
Disadvantages
Number fitted
ii. Weight 100 g 10 for a duration of 2 months.
Ankle-foot orthosis
The base is provided by wooden clogs. Uprights are 1.25 cm thick, 0.6 cm wide, bamboo pieces attached to the wooden clog by passing a mild steel rod through a hole in the heel. This is attached on either side by welding a flat 1.5 mm mild steel disc, 0.6 cm in diameter, to the outer aspect of the upright. Calf band made of 2.54 cm thick bamboo. Padding and suitable straps are provided.
Fig. 8. Stages of fabrication and completed knee-
ankle-foot and hip-knee-ankle-foot orthoses.
Knee-ankle-foot orthosis
Construction same as above when without knee joint. When with knee joint, flat mild steel strips are placed on either side of each upright at the level of the knee joint and a hinge joint made (Fig. 8) .
Hip-knee-ankle-foot-orthosis
Construction as above. The pelvic band is made from a moulded flat portion of bamboo. The hip joint is made as the knee joint ( Fig. 9) .
Advantages
Very light.
Disadvantages
i. The joint interface wears quickly ii. Fixation of the upright of the pelvic band tends to loosen after about one month's use in children. iii. Can be used effectively only for children.
In adults the wear-and-tear is far greater.
Number supplied
2 Ankle-foot orthoses 2 Knee-ankle-foot orthoses 2 Hip-knee-ankle-foot orthoses Prostheses largely at an experimental level.
Prostheses made of cane and bamboo are
Below-knee prosthesis
This prosthesis is of an endoskeletal type which has a patellar-bearing top. The base is the Jaipur foot and the structure in between is of cane (Fig. 10) .
Advantages
Lightness.
Diiadvantages
i. Durability has not yet been ascertained ii. The padding over the endoskeleton is not iii. A long stump causes difficulties.
waterproof.
Above-knee prosthesis
This has an ischial weight-bearing brim made of cane and below that is woven a cane basket which is subsequently padded. A suspension system consisting of a simple belt and elastic strap is used. This prosthesis is also of the endoskeletal type. The knee joint is a simple uni-axial type. The base again consists of the Jaipur foot (Fig. 11 ).
Being at a very early experimental level comments on advantages cannot be made at this stage. Fig. 11 . Bamboo above-knee prosthesis with coco-nut knee joint. 
Rehabilitation aids Crutches
Cane is used as basic material.
A d vantages
Light.
Disadvun rages
None.
Number supplied
year period.
40 pairs to date. No breakages reported in a 1
Wheelchair
Cane is the basic material for construction. The side wheels are mounted on wooden supports and the front castors are fixed to the cane base ( Fig 12) .
As it is at an early experimental stage, comments on advantages and disadvantages cannot be made.
Discussion
Bamboo and cane have been found to provide interface is subjected to a high rate of wear-andtear. Infestation with parasites is another problem to overcome. Advantages as summarized are its lightness, inbuilt flexibility, capacity to retain moulded shape and limited mechanical strength.
A number of orthotidprosthetic appliances and rehabilitation aids have been made, but besides the night splint and upper limb splints, they are at an early experimental stage. More research into various designs will enhance their efficiency and make them standardized. The use of bamboo and cane as construction material in orthotics and prosthetics is particularly relevant to Third World countries where both bamboo and cane grow in abundance. In addition there is already a large pool of trained manpower who use cane and bamboo for making furniture of various kinds. They can be mobilized quickly to become makers of rehabilitation appliances of all kinds.
Summary and conclusions
Certain orthotidprosthetic appliances and other rehabilitation aids have been made from cane and bamboo. The night splint and upper limb splints have been used extensively and found to be effective. The lower limb orthoses and prostheses however are still at an experimental stage. Amongst the rehabilitation aids, walkers and crutches have been found to be very effective. The wheelchair has proved effective in a limited way. The durability remains to be tested.
